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Abstract
:KLOHVKLSSLQJDQGORJLVWLFVVWXGLHVRIWHQGHVFULEHWKHÀRZVDQGQHWZRUNV
RQ WKH OHYHORI ILUPVDQG WHUPLQDOV UDWKHU WKDQFLWLHVXUEDQ VWXGLHVSD\
OLPLWHGDWWHQWLRQWRWUDQVSRUW LQIUDVWUXFWXUHDQGPDWHULDOÀRZV7KHUHQHZDO
RIQHWZRUNDQDO\VLVEDVHGRQFRPSOH[V\VWHPVZLOOEHGLVFXVVHG LQ WKLV
SDSHUDVDSRWHQWLDOEULGJHEHWZHHQ WKRVH WZRDSSURDFKHV ,WSDUWLFXODUO\
IRFXVHVRQKRZWUDQVSRUWDQGXUEDQHOHPHQWVFDQEHPXWXDOO\LQWHJUDWHG7KH
PDLQFRQFOXVLRQSRLQWVDW WKHHIIRUWV WREHWWHUXQWDQJOHQHWZRUNFDUULHUDQG
XUEDQWHUULWRULDOHIIHFWVLQWKHGHVLJQDQGRSHUDWLRQRIVKLSSLQJDQGORJLVWLFV
V\VWHPV
.H\:RUGV &RPSOH[6\VWHPV*UDSK7KHRU\(FRQRPLFV6\VWHPVRI
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&RS\ULJKW7KH.RUHDQ$VVRFLDWLRQRI6KLSSLQJDQG/RJLVWLFV,QF3URGXFWLRQDQGKRVWLQJE\(OVHYLHU%9
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I. Introduction 
7KH VSDWLDO GLVWULEXWLRQ RI VKLSSLQJ DQG ORJLVWLFV V\VWHPVZKLFK
HQFRPSDVVHVDOOWUDQVSRUWPRGHVDQGRSHUDWLRQVLVDQLQFUHDVLQJO\LPSRUWDQW
DUHD LQ WUDQVSRUW DQGXUEDQ VWXGLHV+RZHYHU WKH DQDO\VLVRI WUDQVSRUW
QHWZRUNV LQFOXGHVRQO\ LPSOLFLWO\ WKHXUEDQGLPHQVLRQDQGXUEDQVWXGLHV
UHPDLQPDUJLQDO LQ WKHPDWHULDO OLQNDJHVZLWKLQ DQG DPRQJ FLWLHV ,Q
SDUWLFXODU WUDQVSRUWJHRJUDSK\KDVEHHQGHYHORSHGLQDUDWKHUDXWRQRPRXV
PDQQHU VKLIWLQJ DZD\ IURPPDLQVWUHDPJHRJUDSK\GXH WR LWV VWURQJHU
VSHFLDOL]DWLRQDERXWWUDQVSRUWLQIUDVWUXFWXUHDFWRUVDQGRSHUDWLRQV2QWKH
RWKHUKDQGXUEDQDQGUHJLRQDOUHVHDUFKHVKDYHLQFUHDVLQJO\IRFXVHGRQVRFLDO
DQGFXOWXUDODVSHFWV6XFKGLFKRWRP\SHUVLVWVQRZDGD\VLQYDULRXVILHOGV
VXFKDVWKH1HZ(FRQRPLF*HRJUDSK\1(*ZKHUHWUDQVSRUWLVDSSURDFKHG
E\ LWVFRVW UHODWHG WR WKHVSDWLDODJJORPHUDWLRQRUGLVSHUVLRQHIIHFWVDQG
WUDQVSRUWQHWZRUNDQDO\VLVZLWKOLWWOHUHIHUHQFHWRFLWLHVSHUVH(YHQWKRXJK
WKHUHDUHFRQWUDVWHGHYLGHQFHVDERXW WKH LQWHUGHSHQGHQFLHVEHWZHHQXUEDQ
DQG WUDQVSRUWGHYHORSPHQWHVSHFLDOO\ LQ WKHFDVHRISRUWVDQGDLUSRUWV
WKHVKLSSLQJDQGORJLVWLFDOGLPHQVLRQLQDV\VWHPRIFLWLHVDQGLWVG\QDPLFV
UHPDLQVDQXQH[SORUHGDUHD
7ZRPDLQTXHVWLRQVPRWLYDWH WKLVUHVHDUFKZK\DUHXUEDQDQGVKLSSLQJ
ORJLVWLFVVWXGLHVPXWXDOO\GHSHQGHQWQRZDGD\V"DQGKRZGLGQHWZRUNDQDO\VLV
EHFRPHDXVHIXOWRROWRIXUWKHUEULGJHXUEDQDQGVKLSSLQJORJLVWLFVVWXGLHV"7R
DQVZHUWKHPRXU¿UVWDUJXPHQWLVUHODWHGWRWKHW\SHDQGDPRXQWRIDYDLODEOH
JHRVSDWLDOLQIRUPDWLRQ%HIRUHWKHGHYHORSPHQWRIWKH*HRVSDWLDO,QIRUPDWLRQ
6\VWHP*,6JHRVSDWLDOGDWDZDVGLI¿FXOWWRFROOHFWDQDO\]HDQGLQFOXGHLQ
WKHRUHWLFDOPRGHOV,QWKHODVW\HDUVQHZUHVHDUFKSDWKZD\VKDYHHPHUJHG
LQWKHDUHDRIQDWXUDOVFLHQFHVIDYRUHGE\LPSURYHGWHFKQRORJLFDOVWDQGDUGV
DQG LQIRUPDWLRQDYDLODELOLW\6HFRQGO\ZHVXJJHVW WKDW WKHFRPSOH[LW\
VFLHQFHSURYLGHV WKHIUDPHZRUNIRU LQWHJUDWLQJKHWHURJHQHRXVGDWDVRXUFHV
DQGYDULHGVFLHQWL¿FSHUVSHFWLYHVLQWRJHQHULFVSDWLDOPRGHOV
.HHOLQJ1J
+DOODQG+HVVH
)XMLWDDQG0RUL%HKUHQVHWDO/DIRXUFDGHDQG7KLVVH
'XFUXHWDQG/XJR
'XFUXHWDQG/HH-DFREVHWDO	
'REUXV]NHVHWDO1HDO:DQJHWDO
%UHWDJQROOHDQG3XPDLQ%H\HUVDQG)RZOHU
:DWHUV
'XFUXHWDQG%HDXJXLWWH
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7KHSDSHUDWWHPSWV WRV\QWKHVL]HDQXPEHURIFRQWULEXWLRQV WKDW IXUWKHU
EULGJHGWUDQVSRUWDQGXUEDQVWXGLHV7KHFULWLFDOUHYLHZLVOLPLWHGWRWKHOHYHO
RILQWHUXUEDQOLQNDJHVZKLFKSRVHVWKHRUHWLFDODQGPHWKRGRORJLFDOSUREOHPV
WRPRGHOWKHVWUXFWXUHDQGWRDQDO\]HWKHG\QDPLFVRIDV\VWHPRIFLWLHV:H
SULPDULO\ UHYLHZDQXPEHURIFODVVLF WUDQVSRUWQHWZRUNVWXGLHVDQGUHFHQW
ZRUNVRIXUEDQDQGORJLVWLFDODVSHFWVGLVFXVVLQJWKHPHWKRGIRUPHUJLQJD
V\VWHPRIFLWLHVDQGWUDQVSRUWDWLRQPRGHV7KLV LVIROORZHGE\DUHYLHZRI
KRZXUEDQDQGORJLVWLFDOHOHPHQWVKDYHEHHQLQWHJUDWHGLQPRUHG\QDPLFDO
VWXGLHVRIQHWZRUNV7KHFRQFOXVLRQSURYLGHVDFUXFLDOGLVFXVVLRQDERXWWKH
OHJDF\RISUHYLRXVUHVHDUFKHVDQGSDWKZD\VIRUIXUWKHULQWHJUDWLRQEHWZHHQ
XUEDQVWXGLHVDQGVKLSSLQJORJLVWLFVUHVHDUFK
II. Network Structures
1. Spatial Characteristics
7KHSK\VLFDO JURXQGLQJRI VKLSSLQJ DQG ORJLVWLFV V\VWHPV LV RQHNH\
FRPSRQHQW RI WKH FDWHJRU\ RI VSDWLDO QHWZRUNVZKHUH GLVWDQFH HJ
(XFOLGLDQKDVDVWURQJ LQIOXHQFHRQ WKHVWUXFWXUHDQGHYROXWLRQRIQRGHV
DQGOLQNVDVRSSRVHGWRRWKHU W\SHVRIQHWZRUNVVXFKDVVRFLDOELRORJLFDO
DQGVFLHQWL¿FFROODERUDWLRQQHWZRUNV ,QDGGLWLRQ WKHOLWHUDWXUHRQVXSSO\
FKDLQPDQDJHPHQWJOREDOORJLVWLFVDQGPXOWLQDWLRQDO¿UPVIRFXVHVPRUHRQ
LQYLVLEOHOLQNVDVLQDVRFLDOQHWZRUN
7UDQVSRUWQHWZRUNVDUHGHVFULEHGE\ WKHLURYHUDOOPRUSKRORJ\ZKLFK
YDULHVGHSHQGLQJRQHDFKGLIIHUHQWPRGHV7KH\UHSUHVHQWSK\VLFDOREMHFWV
ZKHUHQRGHVDUHDVVRFLDWHGZLWKRULJLQGHVWLQDWLRQDQGMXQFWLRQSRLQWVDQG
HGJHVDUHUHODWHGWRSK\VLFDOFRQVWUXFWVLQDJUDSKKDYLQJPRUHRUOHVVRYHUODS
ZLWK WKHDFWXDOQHWZRUN2QHRI WKHPDLQVRXUFHVRI WKLV LQIRUPDWLRQ LV
YHFWRUGDWD3RLQWV OLQHVDQGSRO\JRQVDUHVWRUHGDVD OD\HU LQ WKH*,6RU
VSHFL¿FQHWZRUNYLVXDOL]DWLRQVRIWZDUHQRZDGD\V
&ODVVLFDOPHDVXUHVZHUHDSSOLHGWRPDQ\QHWZRUNVVXFKDVWKHGHQVLW\DQG
%RFFDOHWWLHWDO*DVWQHUDQG1HZPDQ%OXPHQIHOG/LHEHUWKDO
5R]HQEODWDQG3XPDLQ'RUQLHUDQG)HQGHU5R]HQEODW
.DQVN\*DUULVRQDQG0DUEOH%pJXLQDQG7KRPDV6FRWWHWDO.XUDQWDQG7KLUDQD;LH
DQG/HYLQVRQ
%DQDYDUHWDO.XUDQWDQG7KLUDQE;XHWDO5RGULJXHHWDO
*OH\]H5R]HQEODWDQG0HODQoRQ
/DPEHUWHWDO
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FRQQHFWLYLW\RI URDG UDLOZD\ VXEZD\DQGULYHUQHWZRUNV)LJXUH
SUHVHQWV WKHDSSOLFDWLRQRIVXFKFODVVLFPHWKRGV WR WKH&KLQHVHUDLOZD\
QHWZRUNZKLFKDOORZWRLGHQWLI\VXFFHVVLYHGHYHORSPHQWVWDJHVEDVHGRQ
WKHQXPEHURIQRGHVYHUWLFHVOLQNVHGJHVDQGF\FOHVF\FORPDWLFQXPEHU
DVZHOODVWKHODWWLFHGHJUHHDOSKDLQGH[GHQVLW\FRPSOH[LW\EHWDLQGH[
DQGFRQQHFWLYLW\FRPSOHWHQHVV JDPPDLQGH[0RVWVWXGLHVRI WUDQVSRUW
QHWZRUNVWKDWPHQWLRQXUEDQDQGUHJLRQDOGHYHORSPHQWFRXOGRQO\LQGLUHFWO\
LQWHUSUHWXUEDQDVSHFWVWKDWZHUHQRWSDUWRIWKHDQDO\VLVLWVHOI
)LJXUH!7RSRORJLFDOHYROXWLRQRIWKH&KLQHVHUDLOZD\QHWZRUN
6RXUFHDGDSWHGIURP:DQJHWDO
,W LVRQO\ UHFHQWO\ WKDWPHWKRGVRIQHWZRUNDQDO\VLVKDYHEHHQDGDSWHG
WR LQFOXGHERWKFRPSOH[LW\VFLHQFHDQGJHRJUDSKLFDODVSHFWV LQRUGHU WR
FRPSOHPHQWVXFKFODVVLFPHDVXUHV7KHFRPSOH[QHWZRUNSHUVSHFWLYHKDVDOVR
*DUULVRQ
'DQFRLVQH
&LFHULHWDO
+DJJHWWDQG&KRUOH\
:DQJHWDO
1\VWXHQDQG'DFH\9LFNHUPDQHWDO%UHWDJQROOHHWDO
0HODQoRQDQG5R]HQEODW*OH\]H
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EHHQDSSOLHGWRDOONLQGVRIWUDQVSRUWQHWZRUNVVXFKDVPDULWLPHDLUOLQH
DQGUDLOZD\QHWZRUNV7KHFRQ¿UPDWLRQRQWKHLUVFDOHIUHHSURSHUWLHVZDV
QRWZLWKRXW UHFDOOLQJHDUOLHU OLWHUDWXUHRQKXEDQGVSRNHFRQILJXUDWLRQV
,Q WKHLUVWXG\RI WKUHHVSDWLDOQHWZRUNVZKHUH WKHDLUOLQHFRQILJXUDWLRQ LV
IRUPHGE\QRGHVDLUSRUWVDQGHGJHVVFKHGXOHGÀLJKWV*DVWQHUHWDO
XQGHUOLQHGWKHLQÀXHQFHRIXVHUV¶SHUFHSWLRQWKHZLOOWRPLQLPL]HWKHQXPEHU
RIVWRSVUDWKHUWKDQWKHWUDYHOGLVWDQFHWKXVSXWLQTXHVWLRQWKHFODVVLFWZR
GLPHQVLRQDOFKDUDFWHURI WKHQHWZRUN:KHQGHVFULELQJWKHWRSRORJ\RIDLU
DQGUDLOZD\ WUDQVSRUWDWLRQQHWZRUNV LQGLIIHUHQWFRXQWULHVEDVHGRQQRGHV
FLWLHVRIRUPRUH LQKDELWDQWVDQGHGJHV GLUHFW URXWHVRSHUDWLQJ
PRUHWKDQDWZLFHDGD\%OXPHQIHOG/LHEHUWKDOGLGQRWFRQVLGHUWKH
SUHFLVHJHRPHWU\RIFLWLHVDQGWUDQVSRUWDWLRQPRGHVQRUGLGWKLVZRUNDQDO\]H
WKHUHODWLRQVKLSEHWZHHQFRQQHFWLYLW\DQGHFRQRPLFDFWLYLW\*URVV'RPHVWLF
3URGXFW
'HVSLWH LPSRUWDQWSURJUHVVRQWKHQHWZRUNGLPHQVLRQ WKHVHDQDO\VHVKDG
H[FOXGHGWKHHPSLULFDOUHODWLRQVKLSEHWZHHQQRGHVDQGFLWLHVVRFLRHFRQRPLF
GDWDDQGWUDQVSRUWDWLRQWRSRORJ\DQGWKHLQIOXHQFHRIDV\VWHPRIFLWLHV LQ
WKHÀRZRIUHVRXUFHV%DVHGRQWKHLQIRUPDWLRQDERYHQH[WVHFWLRQSUHVHQWV
VLJQLILFDQWHIIRUWV WRRSHUDWLRQDOL]HVXFK LQWHJUDWLRQEDVHGRQDV\VWHPRI
FLWLHVFRQQHFWHGE\WUDQVSRUWDWLRQPRGHV
2. Systems of Cities
7KHFRQFHSWRIDV\VWHPRIFLWLHVLVRQHRIWKHPRVWZLGHO\XVHGLQXUEDQ
VWXGLHV1RZDGD\V LW LV UHODWHG WRDQHWZRUNVWUXFWXUHZKHUHHDFKFLW\ D
FROOHFWLYHVSDWLDOHQWLW\RUFRQWLJXRXVO\EXLOWXSXUEDQDJJORPHUDWLRQ LV
LQWHUUHODWHGWRRWKHUVDQGFRQQHFWHGWRPXOWLSOHV\VWHPVIRUH[DPSOHVRFLDO
HFRQRPLFSROLWLFDODQG WUDQVSRUWDWLRQV\VWHPV7KLVFRQFHSWKDVEHHQ
XVHG LQ HFRQRPLFV DQG WUDQVSRUWJHRJUDSK\ WRXQGHUVWDQG WKH VWUXFWXUH
DQGG\QDPLFVRI WKLV W\SHRIVSDWLDO V\VWHP+RZHYHU WKHUHDUHGLIIHUHQW
LQWHUSUHWDWLRQVRQERWKSHUVSHFWLYHVDERXWKRZWR WUDQVODWHVXFKDFRQFHSW
WRV\VWHPRIFLWLHVZKHUHWKHJHRPHWU\RIDFLW\LVPRUHWKDQDFLUFXODURU
PRQRFHQWULFVKDSH LQUHODWLRQ WR WKH&HQWUDO%XVLQHVV'LVWULFW &%'DQG
'HQJHWDO+XDQG=KX.DOX]DHWDO
/LDQG&DL*XLPHUDHWDO*XLGDDQG0DULD
6HQHWDO
)OHPLQJDQG+D\XWK2¶.HOO\
%HUU\&KXUFKPDQ3XPDLQ3ÀLHJHUHWDO
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LQWHUDFWLRQVDPRQJFLWLHV DUHPRUH WKDQ WKHDVVXPSWLRQRI D V\PPHWULF
FRVWOHVVPLJUDWLRQ,WLVLPSRUWDQWWRLQWHJUDWHJUDSKWKHRU\FRPSOH[QHWZRUNV
*,6WHFKQRORJ\DQGHFRQRPLFILHOGV LQWRDSDUWLFXODUVSDWLDOQHWZRUNZLWK
JHRJUDSKLFDQGVRFLRHFRQRPLFDWWULEXWHVLQQRGHVDQGHGJHV)LJXUH,Q
UHFHQW\HDUVVSDWLDOQHWZRUNPRGHOVKDYHVKRZHGDQLQFUHDVHGÀH[LELOLW\WR
DGGQRWRQO\JHRVSDWLDOEXWDOVRVRFLRHFRQRPLFLQIRUPDWLRQWRQRGHVDQG
HGJHV<HW WKHUHDUHYHU\UDUHH[DPSOHVRIDGLUHFW LQWHJUDWLRQRIXUEDQ
DWWULEXWHV LQQHWZRUNDQDO\VLV7KHUHIRUHFRQWULEXWLRQVIURPWUDQVSRUWDWLRQ
DQGHFRQRPLFVDUHQHHGHGWRIXOO\XQGHUVWDQGWKHQHWZRUNFRQ¿JXUDWLRQLH
VWDWLF VWUXFWXUHZKLOHFRPSOH[QHWZRUNPRGHOVKHOS WRFRPSUHKHQG WKH
G\QDPLFVLQDV\VWHPRIFLWLHVFRQQHFWHGE\WUDQVSRUWDWLRQPRGHV
)LJXUH!,QWHUSUHWDWLRQVRIDV\VWHPRIFLWLHV6RXUFHRZQUHDOL]DWLRQ
D1HZ(FRQRPLF*HRJUDSK\ V\VWHPRIFLWLHVEDVHGRQDFLUFXODUVWUXFWXUHZLWKGLVWDQFH
LQWURGXFHG V\PPHWULFDOO\ DPRQJFLWLHV E7UDQVSRUWDWLRQ6\VWHP VSHFLILF WRSRORJ\RI
WUDQVSRUWDWLRQPRGHVZLWKDSODQDUQHWZRUN UHODWHG WR URDG LQIUDVWUXFWXUHVF*HRJUDSKLF
,QIRUPDWLRQ6\VWHPJHRVSDWLDOLQIRUPDWLRQEDVHGRQXUEDQSRO\JRQVDQGURDGOLQHVG6SDWLDO
1HWZRUNV\VWHPRIFLWLHVFRQQHFWHGE\WUDQVSRUWDWLRQPRGHVZKHUHQRGHVKDYHGLIIHUHQWXUEDQ
DWWULEXWHVVXFKDVSRSXODWLRQGHQVLW\LQFRPHDQGUHQWDOFRVW
7UDQVSRUWJHRJUDSK\DVDQDSSOLHGVFLHQFHKDVJHQHUDWHGVSHFL¿FPRGHOV
VXFKDVRQFRUULGRUGHYHORSPHQWEDVHGRQUHDOZRUOGH[DPSOHVEXWZLWK
OLPLWHGDSSOLFDWLRQWRRWKHUILHOGV'HSHQGLQJRQWKHVSDWLDOVFDOHDQGWLPH
%DUWKpOHP\%DWW\
7DDIIHHWDO
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GXUDWLRQRIWKHSKHQRPHQDWKHLQIRUPDWLRQQHHGHGIRUPRGHOLQJLQFUHDVHVRU
GHFUHDVHVLWVFRPSOH[LW\0RUHUHFHQWGHYHORSPHQWVLQFOXGHGJUDSKWKHRU\
DQGFRPSOH[V\VWHPVLQWRJHRJUDSKLFLQIRUPDWLRQVFLHQFHIRUH[DPSOHWKH
*HRJUDSKLFDO,QIRUPDWLRQV\VWHP*,6DQGWKH*OREDO3RVLWLRQLQJ6\VWHP
*36LQRUGHUWRRIIHUDUHDOLVWLFYLHZWRODUJHVFDOHVSDWLDOQHWZRUNPRGHOV
DVZHOODVYDULRXVPHWULFV WRVWXG\ZHLJKWHGJUDSKVRU³VSDWLDOZHLJKWHG
QHWZRUNV´)RU LQVWDQFH6FKLQWOHUHWDO. FRPELQHG UDVWHUEDVHG
JUDSK WKHRU\DQGFRPSOH[V\VWHPV WRDQDO\]H)ORULGD¶V URDGDQGUDLOZD\
QHWZRUNV WKHUHE\JHWWLQJFORVHU WR WKH LQWHJUDWHGDQDO\VLVRIDV\VWHPRI
FLWLHV
7KHHFRQRPLFDSSURDFKRQWKHRWKHUKDQGKDVEHHQDWWHPSWHGWRGHVFULEH
WKHFRQFHQWUDWLRQDQG ORFDWLRQRIYDULRXVXUEDQDFWLYLWLHV IURPGLIIHUHQW
SHUVSHFWLYHVVXFKDVXUEDQHFRQRPLFV LQGXVWULDORUJDQL]DWLRQHQGRJHQRXV
JURZWKDQGWKH1(*$OWKRXJKWKHWUDQVSRUWDWLRQV\VWHPLVFOHDUO\VHHQ
DVDNH\GHWHUPLQDQWRI WKH IORZRI UHVRXUFHV LQ WKHHFRQRP\ LWKDVQRW
EHHQ LQWURGXFHGH[SOLFLWO\(FRQRPLFV ORRNDWD V\VWHPRIFLWLHV IRUPHG
E\DFROOHFWLRQRIHFRQRPLFDJHQWVFRQVXPHUVDQGILUPVZLWKRXWRUZLWK
OLPLWHGVSDWLDOLQWHUDFWLRQVZLWKVWDWLFFRPSDUDWLYHDQGHTXLOLEULXPPHWKRGV
DV WKHEDVLFFRUHRI WKHDQDO\VLV7ZRPDLQSULQFLSOHVKDYHSHUPHDWHG WKH
VSDWLDODSSURDFKLQHFRQRPLFVDFRVWOHVVPLJUDWLRQDQGDSRVLWLYHWUDQVSRUW
FRVW7KHPRVW LPSRUWDQWSULQFLSOH LQGLFDWHV WKDWGLVWDQFHGRHVQRWDIIHFW
WKHPRELOLW\RIHFRQRPLFDJHQWVIURPRQHFLW\WRRWKHUV+HQGHUVRQ
:LOVRQDQG$EGHO5DKPDQDQG)XMLWDLQFOXGHGWKHFRQFHSWLRQ
RI D V\VWHPRI FLWLHV LQ WKHLUPRGHOV GHSHQGLQJ RQ WKH'L[LW6WLJOLW]
DVVXPSWLRQVRIPRQRSROLVWLFFRPSHWLWLRQDQGWKHQXOOWUDGLQJFRVW+RZHYHU
WKH\SURYLGHGLPSRUWDQWHFRQRPLFPHFKDQLVPVIRUXQGHUVWDQGLQJVSHFLDOL]HG
DQGGLYHUVL¿HGFLWLHV
7KHVHFRQGSULQFLSOHLQFOXGLQJVSDFHLQHFRQRPLFPRGHOVLVLFHEHUJFRVWV
ZKLFKFRQVLVWVRIDQLQFUHDVLQJIUDFWLRQRISURGXFWSULFHVEHFDXVHRI WUDGH
PRELOLW\DQGFRPPXWLQJEHWZHHQ WZR ORFDWLRQV&LWLHVZHUH WUHDWHGDV
SRLQWVLQDFLUFXODURUOLQHDUVSDWLDOVWUXFWXUHDVLQWKH³UDFHWUDFNHFRQRP\´
ZKHUHWKHGLVWDQFHEHWZHHQWZRORFDWLRQVLV WKHOHQJWKRIVKRUWHVWURXWHVLQ
%DU<DP
%DUUDWHWDO%DUWKpOHP\
$EGHO5DKPDQDQG$QDV
.UXJPDQ$EGHO5DKPDQDQG$QDV
.UXJPDQ)XMLWDHWDO'HVPHWDQG5RVVL+DQVEHUJ
.UXJPDQ
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WKHFLUFXPIHUHQFH+RZHYHU WKHGLVWDQFH LVQHXWUDOEHFDXVH³UHJLRQVDUH
HTXDOO\VSDFHG´5HODWHGPRGHOVWKDWLQFOXGHGGLVWDQFHWRH[SODLQWKHHIIHFW
RIJHRJUDSK\ LQVRFLRHFRQRPLFDQG WUDQVSRUWDWLRQEHKDYLRUVDUH VSDWLDO
LQWHUDFWLRQDQGJUDYLW\PRGHOV7KHLUPDLQSUREOHPLV WKH WUDQVODWLRQRI
SK\VLFVDQGELRORJ\PHFKDQLVPVLQWRVRFLDOGHFLVLRQV:KHQIRUHFDVWLQJDQG
HYDOXDWLQJDOWHUQDWLYHSODQVIRUFLWLHVDQGUHJLRQVVSDWLDOÀRZPRGHOVZHUH
EDVHGRQD1HZWRQLDQWRD%ROW]PDQQHQWURS\PD[LPL]DWLRQSHUVSHFWLYH
7KH QDWXUDO DQVZHU RI HFRQRPLVWV WR RSSRVH WKLV SUREOHPZDV WKH
GHYHORSPHQWRIVSDWLDOHFRQRPHWULFV WKDWGHDOVZLWKVSDWLDODXWRFRUUHODWLRQ
DQGKHWHURJHQHLW\VSDWLDO LQWHUDFWLRQDQGVWUXFWXUH$QVHOLQ
SRLQWHGRXWIRXU LPSRUWDQWSDUWVRI WKHVHPRGHOVVSHFLILFDWLRQHVWLPDWLRQ
WHVW DQGSUHGLFWLRQ ,QSDUWLFXODU WKHPRGHO VSHFLILFDWLRQDVZHOO DV LQ
HFRQRPHWULFV LV WKHPRVW LPSRUWDQWSDUWRI WKHDQDO\VLV:LWKRXWHFRQRPLF
IRXQGDWLRQV VXFKPRGHOVREVFXUH WKHSRWHQWLDO IRUXQGHUVWDQGLQJVSDWLDO
SKHQRPHQD7KHUHIRUH WKHPDLQ OLPLWDWLRQRI WKLVSHUVSHFWLYH LV WKHQRQ
LQFOXVLRQRI WUDQVSRUWDWLRQPRGHV LQ WKHRUHWLFDODQGHPSLULFDODQDO\VLV LQ
SDUWLFXODUWKHWUDQVSRUWDWLRQWRSRORJ\
3. Towards a Better City/Network Integration
$QXPEHURIZRUNVKDYHLQWHJUDWHGJHRJUDSKLFDQGVRFLRHFRQRPLFHOHPHQWV
LQ WKHLUDQDO\VLVRIVSDWLDOQHWZRUNVEXWRIWHQ LQDQ LQGLUHFW IDVKLRQ)RU
LQVWDQFHWKHDQDO\VLVE\'H0RQWLVHWDORILQWHUFLW\FRPPXWHUWUDI¿F
EDVHGRQ*,6GDWDGLGQRWFRQVLGHUJHRJUDSKLFGLVWDQFHVDQGRWKHUVSDWLDO
FKDUDFWHULVWLFV1HYHUWKHOHVV WKHLUDQDO\VLVGLVSOD\HGDSRVLWLYHFRUUHODWLRQ
EHWZHHQQHWZRUN WRSRORJ\ WUDIILFSURSHUWLHVDQG ORFDOGHPRJUDSKLFDQG
HFRQRPLFGDWDVXJJHVWLQJDVWUHQJWKHQLQJRIFHQWUDOQRGHV$QRWKHUDSSURDFK
ZDVWRGHOLQHDWHSRO\FHQWULFXUEDQDUHDVEDVHGRQLQWHUXUEDQFRPPXWHUÀRZV
DQGFOXVWHULQJPHWKRGVEXWZLWKRXWGLUHFWLQFOXVLRQRIJHRJUDSKLFDQGXUEDQ
DWWULEXWHVRIORFDWLRQV/XJRPRGHOHGDV\VWHPRIFLWLHVFRQQHFWHG
E\URDGDVDSODQDUVSDWLDOQHWZRUNDQGSURSRVHGDSUHIHUHQWLDODWWDFKPHQW
SURFHVVEDVHGRQ WKHVL]HRIFLWLHVDQG LQIUDVWUXFWXUHGDWD)ROORZLQJ WKH
FRPSOH[V\VWHPVDSSURDFKDQGXVLQJ WKH LQFUHDVLQJO\DYDLODEOHJHRVSDWLDO
LQIRUPDWLRQWKHDXWKRUYLVXDOL]HGDZD\WRPRGHODV\VWHPRIFLWLHVFRQQHFWHG
)XMLWDHWDO5RVVL+DQVEHUJ
$QGHUVVRQHWDO*RUPDQHWDO3DWXHOOLHWDO
:LOVRQ
7LVVDQGLHUHWDO
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E\ WUDQVSRUWDWLRQPRGHV DV D VSDWLDO QHWZRUNZKHUH WKH WRSRORJ\ DQG
JHRPHWU\RIVXFKPRGHVGH¿QHDQGGHOLPLWWKHVFDOHRIWKHV\VWHPDQGWKH
FKDUDFWHULVWLFVRIHDFKFLW\DUHLQWURGXFHGE\DGGLQJLQIRUPDWLRQLQQRGHVDQG
HGJHVDWWULEXWHV7KLVW\SHRIVSHFL¿FDWLRQFRXOGSURYLGHDJHQHULFQHWZRUN
PRGHOWKDWLQFOXGHVH[SOLFLWO\JHRJUDSKLFVRFLRHFRQRPLFDQGLQIUDVWUXFWXUH
IHDWXUHVRIFLWLHVDQGPRGHV
3DUWO\GXH WR WKHDEVHQFHRIFRPSDUDEOHGDWD IRUXUEDQVWXGLHVDLUOLQH
QHWZRUNVKDYHEHFRPHFHQWUDOLQWKHDQDO\VLVRIV\VWHPVRIFLWLHVRQYDULRXV
OHYHOV6RPHRWKHUZRUNVKDYHDQDO\]HGWKHFRUUHODWLRQEHWZHHQFRPSRVLWH
LQGLFDWRUVRIWUDQVSRUWDFFHVVLELOLW\DQGXUEDQVL]HDQGIXQFWLRQ:DQJHWDO
GHPRQVWUDWHGWKHFORVHUHODWLRQVKLSEHWZHHQWKHSRVLWLRQRI&KLQHVH
FLWLHVLQDLUOLQHQHWZRUNVLHGHJUHHFORVHQHVVDQGEHWZHHQQHVVFHQWUDOLWLHV
DQG WKHLU ORFDOVRFLRHFRQRPLFFKDUDFWHULVWLFV LH WRWDOSDVVHQJHU WUDIILF
XUEDQSRSXODWLRQDQG*URVV5HJLRQDO3URGXFW$QDO\]LQJFRPPXQLFDWLRQ
QHWZRUNV LQ WKH8.(DJOHHWDO DUJXHVVWURQJ LQWHUGHSHQGHQFLHV
EHWZHHQ WKH GLYHUVLW\ RI FRQQHFWLRQV DQG WKH HFRQRPLFZHOOEHLQJRI
ORFDOLWLHV$QRWKHUH[DPSOHRQPDULWLPHÀRZVLVWKHZRUNE\'XFUXHW
DERXW WKH LQIOXHQFHRIFRPPRGLW\YDULHW\RQQHWZRUNVWUXFWXUHDQG IORZ
GLVWULEXWLRQRQWKHEDVLVRIRUWKRGURPLFGLVWDQFHDQGXUEDQDUHDV7KHVWXG\
RILQWHUGHSHQGHQWVSDWLDOQHWZRUNVZKHUHGLYHUVHW\SHVRIOLQNVFRQQHFWFLWLHV
LVDEXR\DQWUHVHDUFK¿HOGZLWKPDQ\LPSOLFDWLRQVRQWKHYXOQHUDELOLW\RI
FLWLHVDQGWUDQVSRUWV\VWHPV)LJXUH'XFUXHWHWDODOVRKLJKOLJKWHG
WKHFRPSOHPHQWDULWLHVEHWZHHQDLUDQGPDULWLPHQHWZRUNVLQ WKHIRUPDWLRQ
RIDJOREDOXUEDQKLHUDUFK\7KLVDOVRFDQEHVHHQLQWKHZRUNRI3DUVKDQLHW
DORQWKHLQWHUVLPLODULW\EHWZHHQFRXSOHGPDULWLPHDQGDLUWUDQVSRUW
QHWZRUNVZKLFKVKRZV WKDWZHOOFRQQHFWHGDLUSRUWV WHQG WRFRXSOHZLWK
ZHOOFRQQHFWHGVHDSRUWV LQJHQHUDOEDVHGRQ WKHLU UHVSHFWLYHJHRJUDSKLF
ORFDWLRQVDQGRQ WKHLU WRSRORJLFDODWWULEXWHV6LPLODUDQDO\VHVKDYHEHHQ
GRQHDERXW)UHQFKXUEDQDUHDVXVLQJVHYHQGLIIHUHQWQHWZRUNV<HWPRVW
RIWKHDIRUHPHQWLRQHGUHVXOWVUHPDLQKLJKO\VWDWLFDQGFDOOIRUPRUHG\QDPLF
DSSURDFKHV
$PLHOHWDO*XLPHUDHWDO&KRLHWDO7UDQRV
-LQHWDO
=KDQJHWDO5RVDWRHWDO%XOG\UHYHWDO9HVSLJQDQL
%HUURLUHWDO
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)LJXUH!,PSDFWVRIQRGHUHPRYDOLQFRXSOHGDQGVLPSOHQHWZRUNV
6RXUFH9HVSLJQDQL
,QWKHFDVHRIVFDOHIUHHQHWZRUNVWKHLPSDFWRIQRGHUHPRYDO
LVVWURQJHULQDFRXSOHGQHWZRUNUHGWKDQLQDVLQJOHQHWZRUN
EOXHZLWK*EHLQJWKHSURSRUWLRQRIFRQQHFWHGQRGHVDQG4F
WKHSURSRUWLRQRIQRGHVQHHGHGWRGLVFRQQHFWWKHZKROHQHWZRUN
III. Network Dynamics
'HVSLWH WKHGHYHORSPHQWRI WUDQVSRUWDQGHFRQRPLFVSDWLDOPRGHOV WKH
LQWHUUHODWLRQVEHWZHHQ WKHP WR DQDO\]HG\QDPLFV LQ D V\VWHPRI FLWLHV
FRQQHFWHGE\WUDQVSRUWDWLRQPRGHVDUHPLVVLQJ2QWKHRQHKDQGSK\VLFLVWV
DQGJHRJUDSKHUV KDYH DQDO\]HG WUDQVSRUW QHWZRUNG\QDPLFV EDVHGRQ
WRSRORJLFDO DWWULEXWHV UDWKHU WKDQXUEDQ DWWULEXWHV2Q WKH RWKHU KDQG
HFRQRPLFVKDVQRWVROYHGWKHSUREOHPWRLQFRUSRUDWHQHWZRUNFRQFHSWVDQG
JHRVSDWLDO LQIRUPDWLRQ LQ WKHLUDVVXPSWLRQVDQGPRGHOV7KH WRSRORJ\ LV
DV LPSRUWDQWDV WKHG\QDPLFVLQ WKHFRQILJXUDWLRQDQGVFDOHRIDV\VWHPRI
FLWLHV$QXPEHURIOLWHUDWXUHKDVLQYHVWLJDWHGG\QDPLFVLQFRPSOH[QHWZRUNV
VXJJHVWLQJPHFKDQLVPVIRUXQGHUVWDQGLQJWRSRORJLFDOFKDQJHVEDVHGRQQRGHV
DQGHGJHVSURSHUWLHV+RZHYHUPRVWRIWKHWLPHVXFKPHFKDQLVPVDSSO\WR
DQDEVWUDFWQHWZRUNVSDFHZKHUHJHRJUDSKLFDOLQIRUPDWLRQLVQRWLQFOXGHGDV
LQQXPHURXVRWKHUPHWKRGVSURSRVHGE\VRFLRORJ\
2QHSRVVLEOHVROXWLRQLVWRDQDO\]HWKHHYROXWLRQRIVSDWLDOQHWZRUNVEDVHG
RQ WKHSUHIHUHQWLDODWWDFKPHQWPHFKDQLVPDV WKHEDVLFPRGHO WRFRQQHFW
WUDQVSRUWDWLRQDQGHFRQRPLFSHUVSHFWLYHV,WVPDLQSUREOHPLV WRGHWHUPLQH
RU LGHQWLI\ WKH LQLWLDOFRQGLWLRQVRI WKHQHWZRUNZKLFKDUHQRW WULYLDODQG
DIIHFW WKH H[SODQDWLRQRIG\QDPLFV3UHIHUHQWLDO DWWDFKPHQW H[SODLQV D
9HVSLJQDQL
1HZPDQHWDO
0DLVRQREH
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GLVFUHWHPHFKDQLVPZKHUHE\DQHZQRGHFRQQHFWV WRRWKHUVEDVHGRQWKHLU
OHYHORIFRQQHFWLYLW\RUGHJUHH:KHQLQFOXGLQJWKHJHRVSDWLDO ORFDWLRQRI
QRGHVDQGHGJHVWKHSUREDELOLW\WRFRQQHFWWRRWKHUVGHSHQGQRWRQO\RQWKH
GHJUHHEXWDOVRRQWKH(XFOLGLDQGLVWDQFH7KDW LVGHSHQGLQJRQWKHW\SH
RI WUDQVSRUWDWLRQPRGHQRGHVSUHIHU OLQNLQJKLJKHUGHJUHHQRGHVRUFORVHU
QRGHV%DVHGRQDQDLUOLQHQHWZRUN%DUUDWHWDO GLVFXVVHG WKH
LQWHUSOD\EHWZHHQKHWHURJHQHRXVWRSRORJ\ZHLJKWVDQGVSDWLDOFRQVWUDLQWVLQD
PRGHORIJURZLQJQHWZRUNV7KH\VXJJHVWHGWKDWWKHUHLVDVWURQJFRUUHODWLRQ
DPRQJFRQQHFWLYLW\GLVWDQFHDQGORFDWLRQRIQRGHVWKDWDIIHFWWKHVWUXFWXUH
RIWKHQHWZRUN³VKRUWFRQQHFWLRQVJRWRVPDOODLUSRUWVZKLOHORQJGLVWDQFH
ÀLJKWVDUHGLUHFWHGSUHIHUHQWLDOO\WRZDUGVODUJHDLUSRUWV´
,QDFFRUGDQFHWRLQIUDVWUXFWXUHQHWZRUNVWKHZRUNRI<DPLQVHWDO
SUHVHQWHGDG\QDPLFVLPXODWLRQPRGHOZKHUHURDGVJURZEDVHGRQWZRVWHSV
WKHWUDQVSRUWDWLRQSRWHQWLDO³WRWDOQRQFRQQHFWHGXUEDQPDVV´EHWZHHQWZR
FLWLHVDQGWKHJHQHUDWLRQRIDURDGEDVHGRQLWVFRVWZKHUH WKHGHQVHU WKH
DUHDDQGWKHORQJHUWKHURDG WKHPRUHFRVWO\7KLVPHFKDQLVPUHVHPEOHGD
SUHIHUHQWLDODWWDFKPHQWPHWKRGEHFDXVHDWWULEXWHVRIFLWLHVORFDWLRQGHPDQG
IRUURDGVDQGGLVWDQFHDIIHFWHGWKHFUHDWLRQRIDQHZURDG,QFRQWUDVWZLWK
VFDOHIUHHQHWZRUNV ODQGPRGHVSUHVHQWHGSDUWLFXODUFKDUDFWHULVWLFVVXFKDV
D OLPLWHGQXPEHURIFRQQHFWLRQVLQQRGHV;LHDQG/HYLQVRQDOVR
PHQWLRQHGWKDWWKHSUHIHUHQWLDODWWDFKPHQWSURFHVVH[SODLQHGWKHVWUXFWXUHRI
DLUOLQHQHWZRUNVEXWOHVVWKHRQHRIURDGQHWZRUNVGXHWRWKHLPSRUWDQFHRI
FRVWDQGUHGXQGDQWURXWHV
7RJREH\RQGVROH WUDQVSRUWDWLRQQHWZRUNWRSRORJ\ZKHUHQRGHDWWULEXWHV
JXLGHFRQQHFWLYLW\ WKH LQFOXVLRQRI ORFDOVRFLRHFRQRPLFGDWDIRUFLWLHVDV
DGGLWLRQDO*,6OD\HUVDSSHDUDVDUHOHYDQWVROXWLRQ7RDQDO\]HFKDQJHV LQ
WKHVXUIDFH WUDQVSRUWDWLRQQHWZRUNV;LHDQG/HYLQVRQSURSRVHGD
FRPSOH[PHFKDQLVP WKDW UHPRYHVDQHGJH IURP WKHQHWZRUNGHSHQGLQJ
RQLWVSHUIRUPDQFH,QFRQWUDVWZLWK WKHJHQHUDWLYHSURFHVVXVHGE\%DUUDW
HWDO  WKH\DSSOLHGDGHJHQHUDWLYHSURFHVV WKDWH[SODLQVFKDQJHV LQ
WKHQHWZRUNWRSRORJ\VHH)LJXUH7KLVVWXG\SURYLGHGDJRRGPHWKRGWR
FRPELQH*,6GDWDYHFWRUDQGUDVWHUOD\HUVWRH[SODLQDFRVWEHQH¿WEHKDYLRU
WKDWFDXVHVWKHDEDQGRQRIDQHGJH$QLPSOLFDWLRQRIWKLVLVWKHSRVVLELOLW\
$OEHUWHWDO
9LQFLJXHUUDHWDO
%DUWKpOHP\
/lPPHUHWDO
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WR LQFOXGHGLIIHUHQW W\SHVRI LQIRUPDWLRQ LQQRGHVDQGHGJHV WKDWFRQQHFW
WUDQVSRUWDWLRQDQGHFRQRPLFPHWKRGV
)LJXUH!*HQHUDWLYHYVGHJHQHUDWLYHPHWKRGV
D E F
6RXUFH'XFUXHWDQG/XJR
D*HQHUDWLYHPHWKRGGLVSOD\VDQXQFRQQHFWHGJUDSKE$FRPSOH[SDWWHUUHVXOWHGE\FRQQHFWLQJRUGHOHWLQJ
OLQNVZLWKVPDOODQGODUJHGLVWDQFHUHVSHFWLYHO\F'HJHQHUDWLYHPHWKRGVKRZLQJDFRPSOHWHSODQDUJUDSK
'HVSLWHWKHLQFUHDVLQJFRPSOH[LW\FDXVHGE\DGGLWLRQDODWWULEXWHVRQQRGHV
WKHG\QDPLFSURFHVVKHOSV WRXQGHUVWDQGIXUWKHU WKH UHODWLRQVKLSEHWZHHQ
VRFLRHFRQRPLFEHKDYLRUDQGFKDQJHVLQWKHVSDWLDOQHWZRUNFRQILJXUDWLRQ
7RGDWHRQO\IHZVWXGLHVKDYHXVHGHFRQRPLFIXQGDPHQWDOVLQWKHLUDQDO\VLV
RISUHIHUHQWLDODWWDFKPHQW LQDV\VWHPRIFLWLHVFRQQHFWHGE\WUDQVSRUWDWLRQ
PRGHV/XJR  XQGHUOLQHG WKH UHODWLRQVKLS EHWZHHQ SUHIHUHQWLDO
DWWDFKPHQW DQG D&REE'RXJODV IXQFWLRQZKLFK LV FRPPRQO\XVHG LQ
HFRQRPLFV LQRUGHU WR LGHQWLI\ UXOHVRIFRQQHFWLYLW\ LQDV\VWHPRIFLWLHV
OLQNHGE\URDGQHWZRUNV+HVXJJHVWHGWKDWVXFKDIXQFWLRQEDVHGRQHFRQRPLF
WKHRU\SURYLGHGWKHEDVHWRH[SORUHGLIIHUHQWW\SHVRISUHIHUHQWLDODWWDFKPHQW
PHFKDQLVPV LQZKLFK JHRJUDSKLF VRFLRHFRQRPLF DQG LQIUDVWUXFWXUH
LQIRUPDWLRQLVLQFOXGHG)XUWKHUPRUH/XJRDQG*HUVKHQVRQDQDO\]HG
DV\VWHPRIFLWLHVFRQQHFWHGE\RQHWUDQVSRUWDWLRQPRGHWRGLVFRYHUDQFLHQW
URXWHVLQWKH$]WHF(PSLUHEDVHGRQFXUUHQWURDGFRQ¿JXUDWLRQ
IV. Conclusion
$OO LQDOOZHUHYLHZHGLPSRUWDQW OLWHUDWXUHUHODWHGWRFLWLHVDQGWUDQVSRUW
QHWZRUNVWRGLVFXVVKRZWKHLUIXUWKHULQWHJUDWLRQPD\FRQWULEXWHWRLPSURYH
WKHFXUUHQWVWDWHRIVKLSSLQJDQGORJLVWLFVUHVHDUFKQRWRQO\WRXSJUDGHWKH
'XFUXHWDQG/XJR
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V\VWHPPRGHOLQJRI VSDWLDOQHWZRUNVEXWDOVR WRDGYDQFH WKH UHVSHFWLYH
WKHRUHWLFDOPRGHOV7KLVVXJJHVWVDQLQWHUGLVFLSOLQDU\DSSURDFKWRHQKDQFHRXU
XQGHUVWDQGLQJRIVXFKV\VWHPV
7KHVFLHQFHRIFRPSOH[LW\SURYLGHVWKHUHOHYDQWIUDPHZRUNWRPHUJHPRGHOV
RIV\VWHPVRIFLWLHVDQGWUDQVSRUWDWLRQPRGHV,QSDUWLFXODU WKHLQFUHDVLQJO\
DYDLODEOHJHRVSDWLDOGDWDRIFLWLHVDQGPRGHVFRXOGEHXVHGWRVSHFLI\DQG
DQDO\]HWKHVWUXFWXUHRIVSDWLDOQHWZRUNVDQGWKHDSSOLFDWLRQRIWKHHFRQRPLF
WKHRU\FRXOG VXSSRUWK\EULGPHFKDQLVPV WRDQDO\]HQHWZRUNG\QDPLFV
7KHUHIRUH WUDQVSRUWQHWZRUNVDQGXUEDQVWXGLHVQRZDGD\VFDQ LQFOXGH
PXWXDOO\DQGH[SOLFLWO\WKHLUFKDUDFWHULVWLFVLQUHVHDUFK
2QHRI WKHPRVW LPSRUWDQW OLPLWDWLRQVRI WKLVDJHQGD OLHV LQ WKHIDFW WKDW
LQWHUGLVFLSOLQDU\DQDO\VLVLVQRWWULYLDO,WUHTXLUHVWKDWWKHVFLHQWLVWFRPELQHV
GLIIHUHQWNQRZOHGJHDQGWHFKQLFDOVNLOOVWRSURGXFHQRYHOLGHDV,QWKLVFDVH
HFRQRPLFVJHRJUDSK\DQG WUDQVSRUWDWLRQ LQVLJKWV DQG*,6 WHFKQRORJ\
FRPSOH[QHWZRUNPHDVXUHVDQGVSDWLDOHFRQRPHWULFVPRGHOVDQGWHFKQLTXHV
DUH WLHGE\FRPSOH[LW\ ,W LV WKHUHIRUH OLNHO\ WKDW WKHDSSOLFDWLRQRI VXFK
SHUVSHFWLYHLQFUHDVHVRQO\PRGHUDWHO\LQWKHFRPLQJ\HDUV,WDOVRGHSHQGV
RQ WKH UHVHDUFK IRFXVDV VXFK LQWHJUDWHGDSSURDFKHVFRXOGFRQWULEXWH WR
EHWWHUXQGHUVWDQGERWKWUDQVSRUWFDUULHUVWUDWHJLHVDQGXUEDQGHYHORSPHQW
SODQQLQJVWUDWHJLHV
7DNHQWRJHWKHU WKHVHLGHDVVXSSRUWVWURQJUHFRPPHQGDWLRQVIRUVFKRODUV
SROLF\PDNHUVDQGLQGXVWULDOSUDFWLWLRQHUV WR LQFOXGHDVVRRQDVSRVVLEOHDQ
LQWHUGLVFLSOLQDU\PHWKRGDQGDQDO\VLV LQ WKHLU UHVHDUFK WRDFKLHYHDEHWWHU
XQGHUVWDQGLQJRIVKLSSLQJDQGORJLVWLFVV\VWHPVDQGSODQQLQJKLJKO\SUDFWLFDO
VSDWLDOQHWZRUNVRQGLIIHUHQWVSDWLDOVFDOHV)XWXUHUHVHDUFKVKRXOGEHGRQHWR
LQYHVWLJDWHKRZSUDFWLFDODQGWLPHFRQVXPLQJLVWKLVPHWKRGLQGHVLJQLQJDQG
RSHUDWLQJVXFKV\VWHPV*
'DWHRI&RQWULEXWLRQ$SULO
'DWHRI$FFHSWDQFH$XJXVW
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